Strong Hα Emitters (HAEs) dominate the z ∼ 4 Lyman-break galaxy population. We have identified local analogs of these HAEs using the Sloan Digital Sky Survey (SDSS). At z < 0.4, only 0.04 % of galaxies are classified as HAEs with Hα equivalent widths ( 500Å) comparable to that of z ∼ 4 HAEs. Local HAEs have lower stellar mass and lower ultraviolet (UV) luminosity than z ∼ 4 HAEs, yet the Hα-to-UV luminosity ratio as well as their specific star-formation rate is consistent with that of z ∼ 4 HAEs indicating that they are scaled down versions of high-z star-forming galaxies. Compared to the previously studied local analogs of z ∼ 2 Lyman break galaxies selected using rest-frame UV, local HAEs show similar UV luminosity surface density, weaker D n (4000) breaks, lower metallicity and lower stellar mass. This supports the idea that local HAEs are less evolved galaxies than the traditional Lyman break analogs. We are not able to constrain if the star-formation history in local HAEs is powered by mergers or by cosmological cold flow accretion. However, in the stacked spectrum, local HAEs show a strong HeII λ4686 emission line suggesting a population of young (<10 Myr), hot, massive stars similar to that seen in some Wolf-Rayet galaxies. Low [NII]/[OIII] line flux ratios imply that local HAEs are inconsistent with being systems that host bright AGN. Instead, it is highly likely that local HAEs are galaxies with an elevated ionization parameter, either due to a high electron density or large escape fraction of hydrogen ionizing photons as in the case for Wolf-Rayet galaxies.
Introduction
In attempts to understand the cosmic star formation history over cosmic time, most conventional approaches select high-redshift star-forming galaxies based on different unique signatures in their spectral energy distribution. Well-known examples are the Lyman-break in the ultraviolet (UV) continuum, Lyman-α emission line, the Balmer-break in evolved stellar populations and more recently, the shape of the observed far-infrared spectral energy distribution which shows a peak between ∼60 and 100µm. The next step is to investigate their physical properties such as star formation rates, stellar mass and stellar populations using yardsticks calibrated in the local universe for which higher signal to noise and higher spatial resolution data are available, compared to the high-redshift galaxies considered. By studying the local counterparts of high-redshift galaxies, it is possible to understand the physical trigger for star-formation and its temporal evolution, and how physical parameters in the interstellar medium affect observables that trace the star formation activity.
One well known study is the investigation of local UV-luminous galaxies as analogs of highredshift Lyman-break galaxies. Heckman et al.(2005) have studied the properties of FUV-luminous galaxies at z 0.3 using the combination of Galaxy Evolution Explorer (GALEX) and Sloan Digital Sky Survey (SDSS) data. The FUV luminosities of the selected galaxies are greater than 2 × 10 10 L ⊙ , comparable to that of z ∼ 2 − 3 Lyman break galaxies (LBGs). The number density of such UV-luminous galaxies (UVLGs) is 0.85 % of all galaxies at 0.0 < z < 0.3 (Hoopes et al. 2007 ). Hoopes et al.(2007) have shown that the specific star formation rate of UVLGs is correlated with their UV surface brightness, and the subset of compact UVLGs with the highest UV surface brightness (i.e., I F U V > 10 9 L ⊙ kpc −2 ; supercompact UVLGs) are likely to be the local counterparts to high-redshift LBGs in terms of their UV surface brightness, star formation rate, metallicity, and stellar mass.
These supercompact UVLGs, later denoted as Lyman break Analogs (LBAs), have been studied in detail in the radio (Basu-Zych et al. 2007 ) and infrared (Overzier et al. 2009; Overzier et al. 2011) which helps provide a window into high-redshift star forming environments in the local Universe. For example, high spatial resolution studies of the morphologies of LBAs show clear evidence of merger-induced star formation (Overzier et al. 2008 (Overzier et al. , 2010 . In contrast, the signatures of mergers are not visible in the rest-frame UV observation of high-redshift galaxies. Ravindranath et al. (2006) demonstrated that only ∼30% of z > 3 galaxies show signatures of mergers. It is plausible that this derived fraction is a lower limit due to surface brightness dimming (Overzier et al. 2010) . However, there is a theoretical suggestion that high-redshift star formation is preferentially governed by a supply of cold gas through cold flow accretion rather than merging (Dekel et al. 2009 ). The mechanism may not be valid in the local universe due to the fact that the halo masses are much larger and the gas gets shock heated before it falls within the virial radius of the halo. Thus, the 'local counterparts' of high-redshift star-forming galaxies may not necessarily have a similar source of gas supply as distant galaxies. However, their similarity in observable properties are useful for evaluating if the derived physical quantities for high redshift galaxies, such as star formation rates and dust obscuration are accurate. Thus, the key question is whether the UV-selected LBAs are accurate local analogs for high-redshift star-forming galaxies.
Recently, we have discovered that at least 70 % of spectroscopically confirmed Lyman-break galaxies at 3.8 < z < 5.0 show a flux density excess in Spitzer 3.6 µm over the stellar continuum, which is due to redshifted Hα emission (Shim et al. 2011, Hα Emitters; hereafter HAEs) . The result is striking for two reasons; one is that strong nebular emission lines do affect broad-band photometry and photometry-based SED fitting (e.g. Chary et al. 2005 , Zackrisson et al. 2008 , Capak et al. 2011 , Schaerer & de Barros 2009 , and two, high-redshift galaxies show strong Hα emission which implies a star-formation rate that is as high, if not higher than that inferred from their large UV luminosities. The estimated Hα equivalent widths (EWs) are in the range of 140 − 1700Å, rarely seen in surveys of local galaxies. Despite the selection bias in favor of emission line sources that is associated with spectroscopic confirmation of Lyman-break galaxies, the value of 70 % is unusually high. It suggests that there is a physical reason for this 'strong Hα phase' that was previously not known. The high Hα-to-UV ratio and large Hα EW compared to the ages of the stellar population therein suggest that at least 50 % of z ∼ 4 HAEs prefer an extended star formation timescale rather than a burst-like, short (∼100 Myr) timescale. Therefore, such extended star formation histories should be included in the selection criteria for local counterparts of high-redshift star-forming galaxies.
Large Hα EW galaxies can be easily identified among local samples. In this paper, we selected local galaxies (z < 0.4) with Hα EW>500Å from the Sloan Digital Sky Survey (SDSS). We use the measured properties of these local HAEs, to understand the properties of z 4 HAEs that dominate the high-redshift star-forming galaxy population. We investigate possible reasons for the origin of strong Hα emission in star-forming galaxies (presence of active galactic nuclei, low metallicity, extended star formation histories, and dust extinction) by using spectroscopically derived values such as line indices and metallicity, as well as UV-to-IR flux ratios. A comparison between properties of HAEs and LBAs is discussed, and the implications of our improved understanding of local HAEs to high-redshift star formation is presented. Throughout this paper, we use a cosmology with Ω M = 0.27, Ω Λ = 0.73, and H 0 = 71 km s −1 Mpc −1 . All magnitudes mentioned are in AB mag, corrected for Galactic extinction using the Schlegel et al.(1998) dust map.
The Local Sample of Hα Emitters

Local Hα Emitters
We selected objects with Hα EW larger than 500Å from Sloan Digital Sky Survey (SDSS) Data Release 7, using the MPA-JHU value added catalog 1 (Kauffmann et al. 2003a; Brinchmann et al. 2004) . After the Hα EW cut, we inspected each object individually in the SDSS image and spectrum. Extragalactic HII regions, which reside in the spiral arms of large z ∼ 0 galaxies, are discarded. Due to the limited fiber size used in SDSS spectroscopy (3 ′′ diameter), the measured Hα EW corresponds to the equivalent width in the central regions of an extended galaxy. Thus the galaxy-integrated Hα EW may be different if the line to continuum ratio changes dramatically in the outer parts of a galaxy. To ensure that gradients in equivalent widths do not significantly affect our results, we excluded objects with half-light radii larger than 3 ′′ (using r 50 in r-band; exponential disk fitting from SDSS pipeline). Finally, we are left with 299 galaxies (∼ 0.04%) out of 818333 galaxies spectroscopically observed in SDSS DR7. We refer these galaxies as 'local HAEs'.
As discussed above, the fiber spectra only sample the central regions for extended objects. Since it is possible that the stellar continuum may be less centrally concentrated compared to the line emission, aperture corrections are required as described in Brinchmann et al. (2004) . Brinchmann et al.(2004) estimated the aperture correction of up to a factor of 10 to be applied to the star formation rates and stellar mass values in the MPA-JHU catalogs, based on the likelihood distribution function P(SFR/L i -color). In order to further ensure that the line flux measurements and equivalent width measurements are robust, we convolved the SDSS spectrum with the bandpasses used for photometry, and compared the magnitudes derived in this way with the observed broadband magnitudes. At redshifts greater than 0.05, the Hα line falls within the Sloan i−band filter while at lower redshifts, the line would be in the Sloan r−band filter. As a result, aperture corrections based on either r or i-band photometry would take any variation in equivalent width outside the fiber into account. We found the median correction factor for the line flux estimates to be ∼ 1.5. Table 1 lists the SDSS photo-object IDs, coordinates, Hα flux and equivalent width, and other parameters for local HAEs. The Hα flux and equivalent width are the observed values. The analysis such as the derivation of Hα luminosity has been performed after applying aperture correction on the numbers presented in the Table 1 
Ancillary Data Used
Most parameters used in this analysis are drawn either from MPA-JHU value added catalog and/or the SDSS pipeline. Stellar mass, metallicity, line fluxes and equivalent widths for significant emission lines, 4000Å break D n (4000) in the MPA-JHU value added catalog are obtained through spectral and/or multi-wavelength photometry fitting. Here we briefly describe how each parameter is derived in the MPA-JHU value added catalogs. Metallicities, i.e., the oxygen abundances, were derived following the method presented in Tremonti et al.(2004) [SII] ) were fit simultaneously to ∼ 2×10 5 models for integrated galaxy spectra (Charlot & Longhetti 2001) with varying metaliicity, ionization parameter, and dust-to-metal ratio. The median of the likelihood distribution of the metallicity was adopted as the metallicity of each galaxy. The stellar masses were derived based on the multi-wavelength photometry fitting, following the method described in Kauffmann et al.(2003a) and Salim et al.(2007) . Template galaxy spectra were generated using Bruzual & Charlot (2003) population synthesis code, with metallicity range spanning 0.1 − 2 Z ⊙ and stellar population age spanning 0.1 Gyr to the age of the universe. An exponentially decaying star formation history was assumed with random starbursts superimposed on the continuous star formation. Internal reddening and attenuation due to the IGM are applied to the template galaxy spectra, and the resulting template spectra were convolved with SDSS passbands to produce broadband photometry in each filter. After calculating χ 2 of the fit, probability distributions for each parameters, such as star formation rate, stellar masses, and dust attenuation were constructed. Rather than finding single best-fit template, the MPA-JHU value added catalog presents the median of the distribution of each parameter in order to avoid the degeneracies between parameters.
We have now added GALEX far-and near-ultraviolet (FUV/NUV) flux densities of local HAEs from GALEX Data Release 6. GALEX has a spatial resolution of ∼6 ′′ . Using a cross-identification radius of 3 ′′ , 266 HAEs among 299 (∼ 90%) are observed in at least one GALEX band. After matching, each result was visually examined to make sure that FUV or NUV emission is from the local HAE itself, and not contaminated by nearby objects. The flux density limit differs depending on which GALEX survey the ultraviolet flux has been derived from -however on average, the flux density limits in the FUV (1500Å) and NUV (2300Å) are 5 µJy and 4 µJy respectively.
We also obtained mid-infrared (MIR; 3 − 22 µm) photometry for local HAEs from the Widefield Infrared Survey Explorer (WISE) preliminary data release (Wright et al. 2010 ). 95 of the galaxies (95/299, ∼ 30%) have coverage during the WISE preliminary survey period, among which 65 galaxies are detected in either WISE channel 3 (12 µm) or channel 4 (22 µm) with approximate flux density limits of S 12µm > 1 mJy and S 22µm > 4.3 mJy at the 5 σ level. WISE channel 3 and channel 4 band fluxes are converted to total infrared luminosities using bolometric corrections derived from model infrared galaxy templates (Chary & Pope 2010) .
Comparison with Other Galaxies
Comparison with z ∼ 4 HAEs
Local HAEs are distributed at 0 < z < 0.4, with more than half lying at z < 0.1 (Figure 1 ). Figure 2 shows how local HAEs and their z ∼ 4 counterparts (Shim et al. 2011 ) compare with each other in terms of the physical properties of their stellar populations. In Figure 2a , we compare the Hα and FUV luminosity of local HAEs, z ∼ 4 HAEs and LBAs from Overzier et al. (2011) . The Hα/FUV luminosity ratio of both local and z ∼ 4 HAEs are similar (∼ 0.032) while the local LBAs show a ratio of ∼ 0.0063. The dotted line in Figure 2a is a linear fit to describe the correlation between Hα luminosity and UV luminosity of local HAEs, with a slope value of 0.99. Since both Hα and UV are star-formation tracers which are affected by age and dust obscuration in different ways, a slope close to unity indicates that both sets of galaxies display similar physical properties of the stellar population and ISM. However, local HAEs have Hα luminosities and UV luminosities lower than that of z ∼ 4 HAEs by nearly an order of magnitude, which means that the actual star formation rates of local HAEs are smaller than their high-redshift counterparts by a factor of ∼ 10 ( Figure 2b ). It is however clear that z ∼ 4 HAEs are scaled-up versions of local HAEs.
In Figure 2b , we compare the star-formation rates relative to the stellar mass of local HAEs, z ∼ 4 HAEs and LBAs. The Hα based star-formation rates are derived assuming a Salpeter IMF and a constant star-formation rate. The ratio of star-formation rate to stellar mass is referred to as the specific star-formation rate. Dotted diagonal lines in the figure show specific star-formation rates at different redshifts of star-forming main sequence galaxies based on the literature (Elbaz et al. 2007; Noeske et al. 2007; Daddi et al. 2007 ). Local HAEs show Hα based star-formation rates that are almost a factor of 30 higher than typical star-forming galaxies of the same stellar mass, i.e. they show elevated specific star-formation rates which are comparable to that of z ∼ 4 HAEs and merger-driven high-redshift submillimeter galaxies. The stellar mass range sampled by local HAEs is on average lower than that of z ∼ 4 HAEs. Although, there is a significant overlap at 10 9 − 10 10 M ⊙ ; yet a dominant fraction (∼ 65 %) of local HAEs appear to be small galaxies with stellar mass smaller than 10 9 M ⊙ .
It is therefore clear that the Hα EW > 500Å selection identifies local galaxies that are similar in their specific star-formation rates to large Hα EW galaxies at z ∼ 4 but with scaled down starformation rates and stellar masses. Note that it is also possible that there could be z ∼ 4 HAEs with Hα EW less than 500Å. However, since our selection for high redshift HAEs is based on the broad-band photometric excess in the Spitzer 3.6 µm imaging data in the Great Observatories Origins Deep Survey fields (Shim et al. 2011) we are biased towards selecting the largest equivalent width objects. Such large EW objects are also being found in wide-field spectroscopic imaging surveys (Atek et al. 2011) . Nevertheless, ∼ 70% of spectroscopically selected z ∼ 4 galaxies (most of which are initially classified as Lyman break galaxies) are observed to show a photometric excess, reflecting strong Hα emission with Hα EW> 500Å.
Comparison with Local UV-selected Star-forming Galaxies
We next compare local HAEs with local analogs of z∼ 2 star-forming galaxies: UV luminous galaxies (UVLG) and Lyman break analogs (LBAs) which are a subset of UVLGs.
Contrary to the consistency between local HAEs and z ∼ 4 HAEs, the local analogs of Lyman break galaxies (Heckman et al. 2005; Hoopes et al. 2007; Overzier et al. 2009 ) show significant differences with z ∼ 4 HAEs in terms of Hα EW. Lyman break analogs (LBAs) share a similar stellar mass range with z ∼ 4 HAEs, but most of the LBAs have Hα EW lower than 500Å ( Figure  3 ). While LBAs have been shown to have UV luminosity surface density consistent with that of Lyman break galaxies, their Hα emission is significantly weaker than that of the z ∼ 4 Lyman break galaxies. This implies that either the star formation history and/or the physical parameters related to star formation are likely different between LBAs and high-redshift Lyman break galaxies. Furthermore, the LBAs are thought to be more analogous to the z ∼ 2 galaxy population where the Hα EWs are correspondingly lower (Reddy et al. 2010 , Erb et al. 2006 ).
In Figure 2a , LBAs lie consistently below the dotted line describing the Hα-to-UV luminosity ratio for HAEs. On average, the Hα luminosity of LBAs is > 3 times lower than HAEs with the same UV luminosity. Since Hα EW is closely tied to the age of the stellar population and the metallicity, it appears that the LBAs might have older, higher metallicity stellar populations than both local and z ∼ 4 HAEs, a scenario we will investigate in greater detail in Section 5. Based on these observed differences, it appears that the LBAs are unlikely to be representative of typical star-forming galaxies at z ∼ 4. Figure 3 illustrates the distribution of Hα EW and UV surface brightness of local HAEs and UVLGs (L F U V > 10 10.3 L ⊙ ). The UV surface brightness is estimated at 1530Å, i.e., the central wavelength of GALEX FUV-band. The surface brightness is calculated by dividing one-half the rest-frame 1530Å luminosity by the area of the galaxy encompassed within the half-light radius in the u-band (I F U V = L F U V /2πr 2 50,u ; Hoopes et al. 2007 ). For the half-light radius in u-band, we used the radius from the seeing-corrected exponential model fit calculated by the SDSS pipeline which is consistent with the analysis of Hoopes et al.(2007) . For galaxies larger than 2.2 ′′ which would be resolved even in seeing limited images, the observed half-light radius was used instead of the seeing-corrected radius. There are only two overlapping objects between the samples of local HAEs and UVLGs. The SDSS object ids (photometric id) of these two are 587724199349387411 (z = 0.287) and 588013384341913605 (z = 0.181; Table 1 ). The two objects are marked as red points enclosed with large red circles with I F U V values calculated using the technique outlined above. The triangles enclosed with larger triangles show the I F U V values for these two objects in Hoopes et al. (2007) , which are in excellent agreement with our values. Discrepancies in the derived FUV surface brightness originate from adopting different FUV magnitudes; GALEX Data Release 2 (used in Hoopes et al. 2007 ) magnitudes are superceded by GALEX Data Release 6 (used in our analysis).
The median Hα EW of UVLGs is only ∼ 100Å, which is far less than the value used in the selection criteria of local HAEs (> 500Å). The LBAs, since they have higher UV surface brightnesses, should thereby show higher specific SFR (Hoopes et al. 2007) , and thus larger Hα EW. The median Hα EW of compact (I F U V > 10 9 L ⊙ kpc −2 ) UVLGs are indeed slightly larger than that of large (I F U V < 10 9 L ⊙ kpc −2 ) UVLGs (Figure 3 ), yet the correlation between UV surface brightness and Hα EW of LBAs (compact UVLGs) is not significant. No such correlation can be seen in local HAEs. Remarkably, ∼ 50 % of local HAEs have UV surface brightness higher than 10 9 L ⊙ kpc −2 , comparable with that of LBAs. This high UV surface brightness is mostly due to the small half-light radius of local HAEs rather than the UV luminosity itself. While UVLGs (thus LBAs) are defined as galaxies with L F U V larger than 2 × 10 10 L ⊙ , the L F U V distribution of local HAEs ranges between 5 × 10 6 − 10 11 L ⊙ .
Many local HAEs show compact morphologies despite their redshift distribution skewed towards lower redshift compared to UVLGs. The redshift distribution of UVLGs ranges between z = 0.05 − 0.3, while the redshift distribution of HAEs ranges between z = 0.001 − 0.35. As a result, the half-light radius of local HAEs is in general smaller than 5 kpc, while the half-light radius (r 50,u ) ranges between 1 − 15 kpc for UVLGs. Because of this difference in r 50,u , the me-dian UV surface brightness ( I F U V ) of local HAEs (10 9 L ⊙ kpc −2 ) is higher than that of UVLGs (10 8 L ⊙ kpc −2 ). This shows that there exists a significant number of local starbursts with specific star-formation rates similar to that of high-redshift star-forming galaxies but which are missed in samples that use the total UV luminosity as the primary selection criterion.
Despite the similarity in UV surface brightness, the spectral features appearing in the composite spectrum of LBAs and local HAEs are significantly different. Figure 4 shows a comparison between the composite spectrum of LBAs and local HAEs (top), as well as the comparison between the composite spectrum of local HAEs and a single Wolf-Rayet galaxy, IC3591 (bottom). The composite spectrum of local HAEs is an average stack of the 197 local HAEs which do not show any signs of Wolf-Rayet signatures such as the blue bump around HeII 4686Å and/or HeII 4686Å emission line with S/N greater than 3. Before stacking, each spectrum was normalized using the continuum flux at 4800Å. The composite spectrum of LBAs is an average stacking of the 27 LBAs (Overzier et al. 2009 ) using the same method. The composite spectrum of local HAEs shows slightly bluer stellar continuum at 4000 − 6000Å. When the optical stellar continuum is approximated using F λ ∝ λ −γ , the slope γ for local HAEs is 3.9 while that for LBAs is 1. is strong compared to Hβ in the local HAEs. The physical properties of the galaxies will be further discussed through the location of local HAEs in the emission line diagnostics diagram (Baldwin et al. 1981) in Section 4.
Comparison with Wolf-Rayet Galaxies
We matched the same of 299 local HAEs with the catalog of previously studied Wolf-Rayet galaxies (Zhang et al. 2007; Brinchmann et al. 2008b ). In total, 43 local HAEs (∼ 14%) are identified as Wolf-Rayet galaxies. Wolf-Rayet galaxies are specifically marked in Table 1 . Besides these 43, we found that another 59 local HAEs show HeII λ4686 emission line at line S/N > 3 in their spectra, despite they are not matched with Wolf-Rayet galaxy catalogs. For the remaining HAEs, we were able to construct a composite spectrum as described above. At the bottom panel of Figure 4 , we compare the composite spectrum of local HAEs (197 objects without Wolf-Rayet signature in individual spectrum; same as Figure 4a ) with the spectrum of a Wolf-Rayet galaxy IC 3591 (Brinchmann et al. 2008b ). The composite spectrum does not show the existence of a broad blue bump typical of Wolf-Rayet galaxies. However, the fact that some of the local HAEs are Wolf-Rayet galaxies and the existence of the HeII 4686Å emission line in the composite spectrum suggests that the star formation environment in some local HAEs may be similar to that of WolfRayet galaxies.
The origin of the HeII 4686Å line is however unclear and has been discussed extensively in Thuan & Izotov (2005) and Shirazi & Brinchmann (2012) . The former argue for radiative shocks while the latter present a range of scenarios including a population of hot, early type stars due to stellar rotation. The strength of HeII 4686Å is known to be dependent on Hβ EW (Brinchmann et al. 2008b; Shirazi & Brinchmann 2012) . IC3591, compared here, has an Hβ EW of 263Å (Hα EW = 1556Å) thus it is one of the galaxies with the largest Hβ EWs among Wolf-Rayet galaxies. We do not find any significant evidence for the strength of Hα emission in the local HAEs being a preferential identifier of Wolf-Rayet galaxies. However, it appears that local HAEs are intermediate in their properties between Wolf-Rayet galaxies and LBAs in terms of their emission line strengths as well as the strength of the intrinsic ionizing photon field which is responsible for exciting the aforementioned lines. We discuss this in quantitative detail in the next section.
HeII Emission Line
The HeII 1640Å emission line has long been suggested as a direct probe for hot Population III stars at high redshifts due to its high ionization potential of 54.4 eV (e.g. Schaerer 2003 ). Previous observations of high-redshift galaxies have only provided upper limits on HeII 1640Å (e.g. Dawson et al. 2007 ). As illustrated in Figure 4 , the composite spectrum of local HAEs shows clear HeII 4686Å. Moreover, some of the local HAEs (59 out of 305) show HeII 4686Å emission line over S/N ∼ 3 in their individual spectrum even though they are not classified as Wolf-Rayet galaxies by previous studies (e.g., Brinchmann et al. 2008b ). We measured the HeII 4686Å emission line flux for local HAEs, and estimated the HeII 1640Å line flux using the intensity ratio between different transitions (n = 4 to n = 3 for HeII λ4686, and n = 3 to n = 2 for HeII λ1640) for case B recombination (e.g. Osterbrock & Ferland 2006) . We estimated the emission line flux by subtracting the stellar continuum through a simple linear fit and fitting a single Gaussian to the residual emission. Except for the case of the stacked spectrum of the 197 local HAEs which were stacked, we used line flux measurements from SDSS MPA-JHU value-added catalog for Hα since the measurements take into account the effect of stellar absorption. Figure 5 shows the ratio between Hα flux and HeII λ1640 flux for the individual and stacked HAEs. We divided the 197 local HAEs into two bins of metallicity, based on the bimodal metallicity distribution illustrated in Figure 6 . The size of each subsample is roughly the same (∼ 100). The color-coded filled circles represent the ratio from the stacked spectrum for two subsamples, one at Z ∼ 0.002 and the other at Z ∼ 0.01. Different colors represent different ratios for the conversion from HeII λ4686 to HeII λ1640. A ratio of HeII λ1640/HeII λ4686 of 7.42 (T = 20000K, N e = 10 4 cm −3 ) is shown in red, 6.79 (T = 10000K, N e = 10 6 cm −3 ) in green, 6.56 (T = 10000K, N e = 10 4 cm −3 ) in cyan, and 5.90 (T = 5000K, N e = 10 4 cm −3 ) in blue (Osterbrock & Ferland 2006) . Overplotted are the expected Hα/HeII λ1640 ratio from the Starburst99 population synthesis model for a range of stellar initial mass functions and metallicity (Leitherer et al. 1999 , Schaerer 2003 .
As the different color-coded circles suggest, the observed Hα/HeII ratios are not highly susceptible to variations in the physical parameters for HII regions such as temperature and/or electron density. A change in temperatures and/or electron density produces only a 50 % change in the Hα/HeII ratio. The effect of the initial mass function, including the mass range and the faint-end slope, is also limited to a factor of 2 − 3. The observed Hα/HeII ratio for local HAEs is consistent with the expectation based on the Salpeter IMF with mass range of 1−200 M ⊙ although the scatter in the points is large enough that a range of IMFs would be consistent with the data as shown by the gray filled region in Figure 5 .
The two most dominant factors that result in a wide range of Hα/HeII ratios are metallicity and star-formation history. As has been discussed in Schaerer (2003) , metallicity strongly affects the ratio of Hydrogen to Helium ionizing photons output due to the increase in the effective stellar temperatures with decreasing metallicity. Thus, as metallicity decreases, the stellar population synthesis models result in a higher rate of Hydrogen ionizing photons produced relative to the number of Helium ionizing photons, which translates to an increasing Hα/HeII λ1640 ratio. However, due to the short lifetimes of very massive, or hot Wolf-Rayet type stars that are responsible for the Helium ionizing photons, after 5 Myrs from the onset of star-formation, the HeII intensity drops while Hα still remains elevated due to the existence of late B and A stars. This implies that Hα/HeII λ1640 ratio increases at ages longer than 5 Myr relative to ages below 5 Myr.
Local HAEs span a range of metallicities as well as a range of HeII line strengths. The direct detection of HeII in the majority of local HAEs as well as the stacked detection of HeII in the HAEs which do not show HeII in their individual spectra implies that the HAEs harbor a very young stellar population. It is challenging to constrain the age of the stellar population very precisely due to the absence of obvious age indicators such as the 4000Å break (See Section 5.2). For population synthesis models with continuous star-formation, the Hα/HeII λ1640 ratio would be ∼12. Since >90 % of local HAEs are above that ratio, the implied age of the stellar population in these galaxies must be less than 10 Myr strongly suggestive of local HAEs being powered by short bursts. The morphologies of these galaxies are however ambiguous in seeing-limited ground-based Sloan data. Space based data is required to assess if obvious signs of mergers are present in these objects.
Since we have demonstrated that local HAEs are analogs of z ∼ 4 HAEs, we can estimate the HeII λ1640 emission line flux from the Hα line flux of z ∼ 4 HAEs, and assess the feasibility of detecting the HeII λ1640 emission line in the spectra of high-redshift sources. Using the Hα/HeII ratio of ∼ 50 (values measured in the stacked spectrum of low-metallicity local HAEs) and the median Hα luminosity of 10 43 erg s −1 (Shim et al. 2011) , the HeII λ1640 line flux of z ∼ 4 HAEs is expected to be 1.6 × 10 −18 erg s −1 cm −2 . This is comparable but slightly lower than the HeII upper limits of Lyα emitters at z ∼ 4 (<2×10 −18 erg s −1 cm −2 ; Dawson et al. 2007 ). However, it should be noted that the relationship between Lyα emitters and Hα emitters is currently ambiguous. The Hα emitters in Shim et al. (2011) are typical spectroscopically confirmed LBGs while the LAEs are preferentially lower mass systems. Therefore to detect the HeII λ1640 emission line in z > 4 HAEs, future observations should aim to achieve line flux limits down to 5σ ∼ 10 −18 erg s −1 cm −2 .
Properties of Local HAEs: Origins of Strong Hα Emission
In Shim et al. (2011) , we presented several possible reasons for the origin of unusually strong Hα emission in the z ∼ 4 HAEs, especially compared to other star-formation tracers such as the UV continuum. The possible factors that drive strong Hα emission in high-z HAEs are: (1) extinction properties which are different with that of local starbursts (i.e., extinction curve steeper in UV), (2) young stellar population ages and star formation history, (3) low metallicity, and (4) a stellar initial mass function with an overabundance of massive stars. AGN were ruled out as a plausible explanation based on the non-detection of the z ∼ 4 HAEs in the deep Chandra X-ray data. In the previous section, we had investigated the effect of stellar initial mass function. In this section, we investigate each of these possible scenarios for the origin of strong Hα emission in local HAEs using the diagnostic properties of SDSS spectroscopy and UV-to-MIR photometry. (Gallego 1997) . This places local HAEs well to the left of the line that divides starbursts and active galactic nuclei in the BPT diagram (Baldwin et al. 1981; Kauffmann et al. 2003b; Kewley et al. 2001) , eliminating the possibility of the strong Hα emission arising due to the presence of AGN. Figure  7 shows the location of local HAEs in the [OIII]5007/Hβ vs.
Low Metallicity
[NII]6584/Hα diagram. he location of the local HAE population in the BPT diagram partly depends on the gas-phase metallicity (12 + log[O/H]), i.e., galaxies with lower metallicity show even less [NII]/Hα ratio than galaxies with higher metallicity (the different symbols of different colors trace the metallicity). Also shown for comparison are the location of Wolf-Rayet galaxies (Brinchmann et al. 2008b ) and UVLGs (Hoopes et al. 2007 ) in the BPT diagram. Significant numbers of either Wolf-Rayet galaxies or UVLGs are classified as AGN-dominated systems, while most of Wolf-Rayet galaxies and/or UVLGs show higher [NII]/Hα compared to local HAEs. Again as in Figure 6 , the BPT diagram suggests that UVLGs, as well as Wolf-Rayet galaxies in general, are on average more evolved than local HAEs.
Another interesting point in Figure 7 is that local HAEs lie at the highest boundary of the entire local galaxy population showing the highest [OIII]/Hβ ratios. It means that there exists a non-negligible offset between the median ridge line of [OIII]/Hβ ratio for local galaxies and that of local HAEs (∼1.6 in [OIII]/Hβ line flux; Kewley & Dopita 2002 ). This offset is also reported for star-forming galaxies at z > 2 (Erb et al. 2006) . Brinchmann et al.(2008a) suggest that this offset from the BPT ridge line is closely related to the amount of star formation, it being roughly proportional to the Hα EW. High-redshift galaxies lying well above the ridge line are producing unusually large amounts of stars compared to their stellar mass, i.e., showing larger specific SFR, and this displacement can be achieved by increasing the ionization parameter (the ratio of the volume densities of ionizing photons and particles). Again, the increase of the ionization parameter depends on the ratio of ionizing photons, electron densities, and the geometry of HII regions which determines whether the HII regions are density-bound or ionization-bound: Brinchmann et al.(2008a) suggest higher electron densities and larger escape fraction of hydrogen ionizing photons as two major reasons for this offset in the BPT diagram. These can be also applicable to local HAEs, considering that local HAEs show a clear displacement in the BPT diagram comparable to other z > 2 star-forming galaxies. Thus, local HAEs appear to be excellent laboratories for the study of high-z star-forming environments and a measure of the ionizing photon flux from these objects would validate the origin of the unusual [OIII]/Hβ ratios.
Star Formation History
In Shim et al.(2011) , we demonstrated that the most dominant factor that drives the 'strong Hα phase' is the star formation history of high-z star-forming galaxies. The ubiquity of strong Hα emission and the evolved stellar population ages indicate that z ∼ 4 star-forming galaxies appear to display continuous star formation histories rather than burst-like star formation. At z ∼ 4, the interpretation corroborates a star formation mechanism that is powered by a continuous gas supply such as cold gas accretion from the filaments into massive halos. Short timescale events such as mergers would be stochastic and would suggest a strong Hα emitting phase for only 10% of the galaxies.
In order to study the ages of the stellar population in local HAEs we compare the strength of the 4000Å break, D n (4000), of these galaxies and UVLGs in Figure 8 . Local HAEs sample a broad range of stellar masses covering 10 6 − 10 10 M ⊙ , a broad range of FUV luminosity covering 10 8 − 10 11 L ⊙ , yet in terms of D n (4000), local HAEs are a relatively homogeneous population with D n (4000) < 1.0. There is no correlation between D n (4000) and stellar mass or FUV luminosity. On the other hand, there is a positive correlation between D n (4000) and the stellar mass of UVLGs: older UVLGs appear to be more massive. UVLGs also appear to be in the middle of the range in the D n (4000)-M * properties compared to Wolf-Rayet galaxies and HAEs.
Wolf-Rayet galaxies appear to show properties between those of HAEs and UVLGs. The D n (4000) of Wolf-Rayet galaxies is not as homogeneously small as HAEs. Furthermore, WolfRayet galaxies are more massive than HAEs but less massive than UVLGs. Wolf-Rayet galaxies therefore appear to be older than HAEs of the same UV luminosity based on the strength of their 4000Åbreak but are younger than the majority of UVLGs. The composite spectrum of HAEs do show emission lines observed in Wolf-Rayet galaxies, such as Helium recombination lines which suggests some similarity in their ionizing photon field. The consistent FUV luminosity ( Figure  8a ), galaxy size (Figure 8b ), and thus FUV surface brightness between the two also suggests the hypothesis that Wolf-Rayet galaxies and HAEs share similar interstellar medium condition, that enables high ionization parameter -higher electron densities, higher temperature, and a large escape fraction for hydrogen ionizing photons. Since the D n (4000) features arises due to absorption lines from ionized metals, the difference in D n (4000) between two populations suggests the possibility that HAEs are at an earlier lower metallicity stage of evolution than Wolf-Rayet galaxies.
Dust Obscuration in Local HAEs
In this subsection, we present and compare several different extinction indicators of local HAEs, constrain their extinction properties and thereby their true star-formation rate. We also assess the possible implications for the shape of the differential extinction as a function of wavelength.
Extinction Indicators
The first observable extinction indicator is the UV spectral slope β. β is derived based on the assumption that the spectrum of star-forming galaxies in the UV wavelength range are well described by a power-law (f λ ∝ λ β ). We assumed that this power-law approximation is applicable to the rest-frame wavelength range of 1500/(1 + z)Å − 2300/(1 + z)Å, covered by the GALEX FUV and NUV bands. Then we converted the (F U V − N U V ) color to a spectral slope β using the following relation.
m F U V and m N U V indicate the GALEX magnitudes in the FUV-and NUV-band corrected for Galactic extinction. The low S/N of the local HAEs in the GALEX FUV and NUV bands propagates into the derived β. The derived β F U V −N U V is highly uncertain in most cases; 40 % of all objects have uncertainty higher than 0.2 in β.
The above assumption is accurate for objects with z < 0.1. However, for objects at z > 0.1, the Lyα emission line may contaminate the observed flux density in the GALEX FUV band which makes the broadband colors bluer and induces some uncertainty in β. For standard Case B recombination, the Lyα to Hα line ratio is a factor of ∼10. We estimate that in the most extreme case, this would bias the FUV flux blueward by 20% and thereby affect the UV slope β by 0.4. We have not applied this correction because we do not know the true strength of the Lyα line in these sources and due to the fact that the effect of GALEX photometric uncertainty itself on β values is typically larger. Furthermore, the comparison with UVLGs and LBAs is more straightforward since those studies chose not to apply the correction as well.
The next extinction indicator is the flux ratio between Hydrogen recombination lines that traces the different extinction at the wavelengths corresponding to the lines. Here, we present the Balmer line ratio F Hα /F Hβ as the extinction indicator. Following Calzetti et al. (2000) , the color excess of the nebular gas, E(B − V ) gas , is calculated by comparing the observed Balmer line ratios with the intrinsic (i.e., unobscured) Balmer line ratios.
Here, F
is the intrinsic line ratio, F λ 1 o /F λ 2 o is the observed line ratio, and k(λ) is an extinction value at the corresponding wavelength described by the applied extinction curve. Based on the case-B recombination at T = 10 4 K (Osterbrock & Ferland 2006) , the intrinsic Balmer line ratio is F Hα /F Hβ = 2.87.
Finally, the ratio between IR luminosity and UV luminosity can be used as a third extinction indicator, assuming that the IR luminosity represents the entire unobscured stellar radiation. We derived IR luminosities of local HAEs using the WISE photometry in channel 3 and 4 (12µm and 22µm respectively). By matching the coordinates of local HAEs to the WISE preliminary data release catalog (Wright et al. 2010) , we found 65 objects with robust counterparts at a flux density level higher than 0.28 mJy at 12 µm and 1.9 mJy at 22 µm. These objects do not have nearby neighbors within 3 ′′ that could possibly contaminate the MIR flux density. We used IR spectral energy distribution templates of IR galaxies with different IR luminosities (Chary & Pope 2010) : each IR luminosity template was redshifted to the corresponding redshift of the object and the template that best explains the observed 12 µm and 22 µm flux density was determined, while the IR luminosity of the object was derived to be the IR luminosity associated with the best-fit template. IR luminosity of local HAEs ranges between 1.4×10 8 L ⊙ and 7.6×10 11 L ⊙ . We compared L IR with L U V , i.e., λL λ at 1530Å as defined in the previous section, and used L IR /L U V as an extinction indicator.
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The results for dust extinction using these three techniques is described in the next section. Figure 9 illustrates the comparison between the three extinction indicators for local HAEs and LBAs. Figure 9a shows that there exists a positive correlation between UV slope β and F Hα /F Hβ , which is naturally expected from the fact that both quantities are providing independent measures of obscuration. However, the relationship between UV slope β and F Hα /F Hβ for local HAEs and LBAs are different, i.e., for the same β, the flux ratio F Hα /F Hβ is higher for LBAs than the case of HAEs. One possibility is that the ISM temperature in LBAs and HAEs is different, with the latter having higher gas temperatures which affects the recombination rate by a factor of 1.3. This would be consistent with the higher ultraviolet surface density seen in the HAEs compared to LBAs.
Extinction Curve Difference in UV-wavelengths
The alternate interpretation is this is a result of dust extinction. For a fixed β F U V −N U V , LBAs show larger dust extinction than HAEs, which implies that the UV dust extinction curve is steeper in HAEs than in LBAs. This is more consistent with the extinction curve seen in the Small Magellanic Cloud (SMC) which due to its low metallicity is thought to have an overabundance of large grains relative to small grains (Weingartner & Draine 2001 ).
This possible difference in the shape of the dust extinction curve especially in the UV wavelength range has already been suggested in the study of z ∼ 4 HAEs (Shim et al. 2011) . Figure  9b shows the relationship between Hα line-to-UV continuum ratio and UV slope β for local HAEs, in comparison with their high-redshift counterparts (z ∼ 4 HAEs) and LBAs. For comparison, the figure also shows three lines indicating the starburst extinction law (Calzetti 2000) , LMC extinction law (Fitzpatrick 1986) , and SMC extinction law (Prevot 1984) . The extinction laws that have a steeper curve at UV wavelengths (LMC, SMC) show higher Hα-to-UV ratio compared to less steep extinction law (SB). The y-intercepts in these model lines depend on the assumed star formation history and the stellar population age of the galaxy while only the slope of the lines depend on the extinction law (See Shim et al. 2011 ). Higher-redshift HAEs have higher Hα-to-UV ratio than local counterparts, implying that these are closer to continuously star-forming galaxies. Despite the y-intercept difference, HAEs at different redshifts show slopes in the Hα-UV ratio vs. β relation which are consistent despite the large scatter. On the other hand, LBAs appear to have a slope that is completely different in the Hα-UV ratio vs. β plane indicating that not only do they have distinct extinction properties to HAEs but also different star-formation histories.
Finally in Figures 9c , we present the IR-to-UV luminosity ratio for local HAEs. Since HAEs appear to be young galaxies while LBAs are relatively evolved galaxies, the IR-to-UV ratio of LBAs are expected to be smaller than that of HAEs since the fraction of stellar radiation that is absorbed by dust and re-radiated in the IR decreases as the galaxy evolves. The observed relation between the IR-to-UV ratio and UV spectral slope β for local HAEs lie above the expected line for local star-forming galaxies (Meurer et al. 1999) or that of LBAs, confirming the idea that young HAEs have stronger intrinsic UV radiation fields and thereby emit more strongly in the IR. Still, the uncertainties related to the derivation of L IR and β F U V −N U V is large. The addition of far-infrared continuum flux is needed to reduce the uncertainties in L IR . To constrain the extinction curve shape in UV wavelengths in more detail, the accuracy in β F U V −N U V should also be improved with higher precision UV spectrophotometry which disentangles the contribution of the Ly-α line to the broadband photometry.
Summary
In this paper, we have studied the extremely rare, local analogs of z ∼ 4 star-forming galaxies from SDSS DR7. It has recently been demonstrated in Shim et al. (2011) that 70 % of z ∼ 4 galaxies have strong Hα equivalent widths and are Hα emitters (HAEs). Therefore, unlike previous studies which selected local analogs based solely on their UV properties, we used the criterion Hα EW > 500Å to select among the local galaxy population. At z < 0.4, the number fraction of such strong HAEs is only 0.04 %. Local HAEs are less luminous by an order of magnitude in both Hα and UV luminosities compared to z ∼ 4 HAEs. However, the Hα-to-UV luminosity ratio as well as the specific star-formation rates of local HAEs are very similar to those of high redshift HAEs. This supports the argument that local HAEs are scaled down versions of z ∼ 4 star-forming galaxies.
In contrast, previously studied UV-selected local analogs of high-redshift Lyman-break galaxies, the Lyman-break analogs, are distinct in their physical properties from HAEs at any redshift. The UV-selected analogs show a factor of 5 lower Hα EW, higher metallicity and higher stellar mass than the HAEs. At least 50 % of local HAEs show comparably high FUV surface brightness as that of Lyman break galaxies and Lyman break analogs. However, the FUV surface brightness does not appear to depend on Hα EW. Unlike the Lyman break analogs, the composite spectrum of local HAEs shows strong, but narrow Helium lines that are observed in Wolf-Rayet galaxies, raising the possibility that the properties of the star forming environment in local HAEs overlap with those of Wolf-Rayet galaxies.
As in the case of z ∼ 4 HAEs, the strong Hα emission in local HAEs can be attributed to a young stellar population with a large number of massive stars. 50% of local HAEs show low metallicity of 12 + log[O/H] ∼ 8.0, close to ∼ 0.1 Z ⊙ which is less than that of the UV-selected Lyman break analogs. This is consistent with the fact that HAEs are less massive by at least an order of magnitude than the Lyman break analogs. The low metallicities are also reflected in their low observed [NII]/Hα ratio. The low [NII]/Hα ratio, as well as high [OIII]/Hβ ratio, indicate that local HAEs are not contaminated by AGN-dominated systems. Moreover, the strong [OIII] emission that displaces local HAEs from the ridge line of BPT diagram can be explained by a high ionization parameter, which requires either higher electron densities and/or large escape fraction of hydrogen ionizing photons. If the large escape fraction is demonstrated through observational data, HAEs could be the clue to understanding the reionization of the intergalactic medium at high redshift.
Most HAEs are unusually young with D n (4000) < 1. This is one of the largest differences between the properties of HAEs and Wolf-Rayet galaxies; the latter predominantly showing D n (4000) > 1 suggesting a more evolved stellar population. Due to their small D n (4000), it is therefore difficult to constrain whether local HAEs follow a continuous star formation history or burst-like star formation history. The extinction indicator Hα/Hβ of local HAEs suggests that HAEs display an extinction curve steeper than normal star-forming galaxies and more similar to that of the Small Magellanic Cloud. The origin of this difference in extinction curve is not clear with the most likely reason being the lower metallicities in these galaxies. Comparison of SFR per unit stellar mass for local HAEs, LBAs and z ∼ 4 HAEs. The SFR is derived from the aperture-corrected (see Section 2.1) Hα luminosity, using the relationship in Kennicutt (1998) . As the overplotted dotted lines indicate, star-forming galaxies appear to form a tight correlation. The SFR per unit stellar mass increases as the redshift increases (Elbaz et al. 2007; Noeske et al. 2007; Daddi et al. 2007 ). z ∼ 4 HAEs produce SFR per unit stellar mass comparable to z = 2.8 − 4.0 submillimeter galaxies (Daddi et al. 2009; Schinnerer et al. 2008; Coppin et al. 2009 ). Local HAEs show consistent SFR per unit stellar mass as z ∼ 4 HAEs while LBAs lie well below the correlation, suggesting that local HAEs are more robust analogs of z ∼ 4 star-forming galaxies with comparably high star formation efficiency. The high mass end of the stellar mass distribution of local HAEs overlaps with the low mass end for z ∼ 4 HAEs at 10 9 − 10 10 M ⊙ . There are however observational selection effects against identifying lower mass high-redshift HAEs. Hoopes et al. 2007 ) that have relatively high UV surface luminosity (I F U V > 10 9 L ⊙ kpc −2 ). In this plot, local HAEs are plotted as filled circles, and UVLGs (Hoopes et al. 2007) are plotted as open triangles. Shaded region indicates the region where supercompact UVLGs, i.e., LBAs, fall. Although the total UV luminosity is not as luminous as that of LBAs, nearly 50 % of the local HAEs have as high a UV surface luminosity as that of LBAs. Only two objects (symbols enclosed with larger symbols) are found to be overlapping between the local HAE and UVLG sample. : Comparison between the composite spectrum of 197 local HAEs that are not individually classified as Wolf-Rayet galaxies and the composite spectrum of 27 LBAs (Overzier et al. 2009 ). When making a composite spectrum, each spectrum was weighted using the continuum flux at 4800Å and no evidence of spectral features indicating the existence of Wolf-Rayet stars (such as blue bump around HeII 4686Å and/or HeII 4686Å line itself) can be seen in each of the individual spectrum.. The composite spectrum of HAEs show HeII 4686Å line which is a distinguishing characteristic of Wolf-Rayet galaxies. Moreover, other Helium lines and several metal lines at high ionization states including [FeIII] 4658Å, [ArIV] 4771Å, 4740Å appear in the composite spectrum of local HAEs. (Bottom): Comparison between the composite spectrum of 197 local HAEs (same as above) and the spectrum of a single Wolf-Rayet galaxy IC3591 (chosen from Brinchmann et al. 2008 ; with Hβ EW of 263Å). The composite spectrum of local HAEs show several emission lines similar to Wolf-Rayet galaxy, including He recombination lines and highorder Fe and Ar lines, although the composite spectrum lacks the broad "bump" around 4686Å. However, the strength of emission lines appearing in this plot is more than 10 times lower in local HAEs than in Wolf-Rayet galaxies. In addition, among 299 local HAEs, 43 galaxies (14 %) are individually identified as Wolf-Rayet galaxies in previous works for Wolf-Rayet galaxies (Zhang et al. 2007; Brinchmann et al. 2008b ). This implies that the star forming environments in both the local HAE and Wolf-Rayet galaxies are similar. -Hα-to-HeII 1640Å line flux ratio of local HAEs. Hα line flux is measured from the SDSS spectrum, while the HeII 1640Å line flux is estimated using the HeII 1640Å/HeII 4686Å ratio (Osterbrock & Ferland 2006) and the measured HeII 4686Å line flux. We measured the HeII 4686Å line flux using a simple Gaussian line profile fit. Diamonds are local HAEs with HeII 4686Å detection in individual spectrum (including galaxies that are identified as Wolf-Rayet galaxies in Brinchmann et al. (2008b) ). For local HAEs without individual HeII detection, not classified as Wolf-Rayet galaxies, we stacked their spectra and derived Hα/HeII ratio from the stacked spectrum (filled circles). Circles with different colors show the possible range in Hα/HeII ratio that can be spanned by changing the ionization temperature T and/or the electron density N e . Overplotted as dashed and solid lines are expected Hα/HeII ratio from the STARBURST99 population synthesis models (Leitherer et al. 1999; Schaerer et al. 2003 ). Thick gray rectangle shows the effect of changing the slope of the initial mass function on the Hα/HeII line ratio; the slope has been changed from −0.4 (bottom) to −2.3 (top). The faint-end slope of the IMF, mass limit of the IMF, and the parameters regarding ionization environment (T , N e ) have relatively small effects on the observed Hα/HeII ratio. On the other hand, metallicity appears to be the most dominant factor that affects the Hα/HeII line flux ratio. -Mass-metallicity relation of the local HAEs (filled circles). Gas-phase metallicity and stellar mass for local HAEs are from the MPA-JHU value-added catalog constructed using SDSS DR7. Stellar mass has been derived based on photometry fits (methods from Kauffmann et al. 2003a; Salim et al. 2007 ) and gas-phase metallicity based on the emission line modeling (Tremonti et al. 2004; Brinchmann et al. 2004) . Local HAEs are plotted over the contours which show the density distribution of entire SDSS DR7 galaxies that have been spectroscopically observed. Also compared here are UVLGs (triangles; Hoopes et al. 2007 ; L F U V > 10 10.3 L ⊙ ), among which the most compact galaxies are classified as LBAs. While half of the local HAEs are considered to be at the lowest end of metallicity distribution, most of the UVLGs are more metal-rich than local HAEs. In addition to metallicity, UVLGs are on average more massive than local HAEs. The difference between the two populations suggests that LBAs are possibly a "more evolved" galaxy population compared to HAEs. (Baldwin et al. 1981 ) of local HAEs. Contours show the density distribution of all emission line galaxies in the SDSS DR7. The dotted line represents the criterion that divides AGN-dominated galaxies (upper right) and star formation-dominated galaxies (lower left) as defined in Kauffmann et al.(2003b) . Local HAEs with different gas-phase metallicities are plotted using different symbols: red circles correspond to most metal-rich galaxies (8.9 < 12 + log[O/H] < 9.3) and the metallicity decreases as the symbol change to green squares, cyan diamonds, and blue crosses. It is clear that local HAEs are not AGN-dominated systems, especially due to their weak [NII] 6584Å emission. The [NII] 6584Å/Hα ratio is proportional to the gas-phase metallicity, thus the weak [NII] of local HAEs indicate that these are metal-poor systems. Also shown are the locations of Wolf-Rayet galaxies (Xs; Brinchmann et al. 2008 ) and UVLG-LBAs (triangles; Hoopes et al. 2007 ) in the BPT diagram. Unlike the HAEs, Wolf-Rayet galaxies and the UVLGs do contain AGN dominated systems. 
local HAEs UVLGs (Hoopes+07) W−R galaxies (Brinchmann+08) Fig. 8. -(a) FUV surface luminosity density (at 1500Å) vs. stellar mass for local HAEs (filled circles), UVLGs (triangles; Hoopes et al. 2007) , and Wolf-Rayet galaxies (crosses; Brinchmann et al. 2008b ). Dotted horizontal line at I F UV = 10 9 L ⊙ kpc −2 indicates the criteria with which compact UVLG (LBA; Overzier et al. 2009 ) and non-compact UVLG are divided. UVLGs are the most massive among the three populations, although the FUV surface luminosity of HAEs and Wolf-Rayet galaxies are as high as that of UVLGs. (b) Half-light radius in SDSS u-band (r 50,u ) and FUV luminosity of local HAEs, UVLGs, and Wolf-Rayet galaxies. Dotted lines indicate FUV surface luminosity density of 10 8 , 10 9 L ⊙ kpc −2 (y-axis in Figure 8a ). Since the half-light radius is determined through exponential disk-fitting on the seeing-limited Sloan images, some 'unresolved' local HAEs are interpreted to have unreliably small half-light radius which are less than 100 pc. (c) 4000Å break strengths (D n (4000)) and stellar mass of local HAEs, UVLGs, and Wolf-Rayet galaxies. It is clear that UVLGs are more evolved galaxy populations than HAEs, while HAEs are considered to be much younger from their low D n (4000). (d) 4000Å break strengths and FUV luminosity of local HAEs, UVLGs, and Wolf-Rayet galaxies. Wolf-Rayet galaxies and HAEs show similar FUV luminosity, galaxy size, and thus FUV surface luminosity which is also consistent with that of high-redshift star-forming galaxies. This suggests that the environment of star forming regions of these two galaxy populations is consistent with each other. However, two galaxy populations show differences in D n (4000) and stellar mass. The D n (4000) of Wolf-Rayet galaxies is not as homogeneously small as HAEs and HAEs are slightly less massive than Wolf-Rayet galaxies. Therefore, it is possible that there exists an evolutionary link between two population: Wolf-Rayet galaxies and HAEs share the same star formation environments, while HAEs are earlier stage of Wolf-Rayet galaxies before the evolution of metallicity and stars that enhance the 4000Å break. Overzier et al. 2011) . UV slope β is derived using the GALEX FUV-NUV colors (see text for details), and Hα/Hβ ratio are derived from the MPA-JHU catalog. Dotted horizontal line indicates FHα/F Hβ = 2.87, the unobscured Balmer line flux ratio for case-B recombination with T = 10 4 K (Osterbrock & Ferland 2006) . Overplotted tracks indicate Hα/Hβ vs. β expected from different dust extinction laws (Allen 1976; Fitzpatrick 1986; Prevot et al. 1984; Calzetti et al. 2000) . Hα/Hβ ratio of local HAEs is difficult to explain using the SB extinction law: extinction laws with a steeper shape at UV wavelengths (e.g., SMC extinction law) is necessary. Some of the LBAs can be described using a SB extinction law with varying star formation history, but an SMC-like extinction law is required for some of the LBAs. (b) Hα line-to-UV continuum flux ratio vs. UV spectral slope β of local HAEs (filled circles), LBAs (triangles), and z ∼ 4 HAEs (diamonds; Shim et al. 2011) . Here, f1500 indicates f λ at 1500Å. Overplotted lines indicate the relation between Hα line-to-UV continuum flux ratio and β assuming different extinction laws, which could be shifted along the y-axis according to the star formation history assumed. However, Hα/UV ratio is affected by both extinction and stellar population age, thus it is not as effective as the Hα/Hβ ratio as a probe of different extinction laws among galaxies. Again in this plot, we see that there is almost no overlap between z ∼ 4 HAEs and LBAs. (c) IR-to-UV luminosity ratio vs. UV spectral slope β of local HAEs and LBAs. Overplotted line shows the empirical IR-to-UV ratio vs. β relationship for local starbursts (Meurer, Heckman, & Calzetti 1999) . Considering that HAEs are young galaxies and LBAs are more likely to be evolved systems, the IR/UV ratio of LBAs are expected to be smaller than that of HAEs since the fraction of stellar radiation that is absorbed by dust and re-radiated in IR decreases as the galaxy evolves. The observed IR/UV ratio confirms this idea, showing that most HAEs have higher IR/UV ratio than LBAs or other local star-forming galaxies (line from MHC 1999).
